^ Searching PAJ 



1/1 V 



PATENT ABSTRACTS OF JAPAN 



(11 )Publication number : 07-041 806 

(43)Date of publication of application : 10.02.1995 



(SDlntCI. 



B22F 3/24 
C22F 1/18 



(21) Application number : 05-190614 

(22) Date of filing : 30.07.1 993 



(71) Applicant : NIPPON STEEL CORP 

(72) Inventor : YAMAZAKI TATSUO 

HORITANI TAKAO 




(54) SURFACE TREATMENT OF SINTERED TITANIUM ALLOY 

(57)Abstract: 

PURPOSE: To provide an inexpensive surface treating method in which, in a sintered titanium allay 
product subjected to densifying treatment by a HIP method, residual surface layer voids are perfectly 
removed away without generating new defects such as cracks and to show excellent fatigue properties 
characteristic of the titanium allay. 

CONSTITUTION: At the time of modifying the surface of a sintered titanium allay, the sintered titanium 
alloy is subjected to HIP treatment, is thereafter subjected to first shot peening treatment to grind 
surface layer voids of the product and is furthermore subjected to secondary shot peening treatment 
to flatten the surface layer of the product. By the shot peening treatments twice in all, the surface 
treatment for the sintered titanium allay is executed 
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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)] 

[Claim 1] The surface treatment approach of the sintering titanium alloy characterized by performing 
two shot-peening processings in the approach of reforming the front face of a sintering titanium alloy 
after performing HIP processing for a sintering titanium alloy. 

[Claim 2] In shot-peening processing according to claim 1 the 1st processing with mean particle 
diameter in the magnitude of 0.5mm or more and 1 .2mm or less And the shot blasting material of a shot 
configuration with the hardness beyond the value which added 200 with Vickers hardness to the 
hardness of the titanium alloy which is a workpiece is used, in addition — It is a projection rate 60 m/s 
It is 100 m/s above. It considers as the following and is the amount of projection 2000 kg/m2 The 
surface treatment approach of the sintering titanium alloy characterized by considering as the above. 
[Claim 3] In shot-peening processing according to claim 1 the 2nd processing with mean particle 
diameter in the magnitude of 0.2mm or more and 0.6mm or less And more than the hardness of the 
titanium alloy which is a workpiece, and globular form shot blasting material with the hardness below the 
value which added 300 with VIKASU hardness to the titanium alloy are used, in addition — It is a 
projection rate 30 m/s It is 60 m/s above. It considers as the following and is the amount of projection 
1000 kg/m2 The surface treatment approach of the sintering titanium alloy characterized by considering 
as the above. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the surface treatment approach of a sintering titanium 
alloy. It is related with the surface treatment approach of the sintering titanium alloy by the shot- 
peening method in more detail. 
[0002] 

[Description of the Prior Art] Titanium and a titanium alloy have high specific strength, and toughness, 
corrosion resistance, thermal resistance, etc. are the outstanding ingredients. However, a titanium alloy 
has a difficulty in the dissolution, workability, cutting ability, etc.. and expensive rankHzation does not 
escape it. Therefore, examination of low-pricing by the so-called NIANETTO mold (Near Net Shape) 
processing technique is tried variously, among those there is powder-metallurgy processing as one of 
the leading techniques. The prime powder mixing method which carries out compacting of what mixed 
the powder of a predetermined alloy content for raw material powder to pure titanium powder, sinters it 
under a vacuum or an inert atmosphere as powder-metallurgy processing of a titanium alloy, and 
performs eburnation and alloying to coincidence is typical. It is clear that the ingredient from which the 
ingredient manufactured with this prime powder mixing method had 95% or more of relative density, HIP 
processing (hydrostatic molding between heat) was performed to this, and the internal hole was removed 
has the quality of the material which has tractive characteristics almost equivalent to the titanium alloy 
of the same component manufactured by the usual dissolution rolling-out method, a destructive 
property, and a fatigue property. 

[0003] By the way, that the light weight and specific strength of machine operation components are high 
is the field which was required and was fit for application of titanium-alloy material. With such operation 
components, it is required for a fatigue property to be excellent. However, with the sintering titanium 
alloy manufactured with the above-mentioned prime powder mixing method, the opening connected with 
the exterior is after sintering, and since this is unremovable in HIP processing, into the surface part of 
the product after HIP, an opening remains by about 200-micrometer Fukashi. The residual defect of this 
surface tends to serve as a generating point of a fatigue crack, and reduces the fatigue property of a 
product very much. Therefore, in order to apply to the member which thinks fatigue strength as 
important, it is indispensable to remove or defang the opening near the front face. If a cost cut takes 
into consideration that it is the process which is the description, as for powder-metallurgy processing, it 
is still more desirable for removal of a surface defect or the approach of defanging to be also cheap. 
[0004] Machine cutting of the product surface section can be first considered to the 1 st as the 
approach of removal of a surface residual opening. Since the sintering titanium alloy characterized by 
Near Net Shape processing needs to carry out cutting of an expensive machine and a complicated 
process being needed for machining, and becoming a great cost burden, since it has a complicated 
three-dimension configuration in many cases, and the whole product surface, in addition to this, it 
cannot say the titanium alloy itself with a desirable surface treatment method by the reasons that 
cutting takes great time amount, nil why machine cutting is difficult, etc. Next, although the acid- 
washing processing which is usually the removal approach of the surface scale of ingot material is 
mentioned, with the ingredient which includes an open opening in a surface, acid-washing liquid 
condenses in an opening and it results in an opening being melted alternatively and promoting an 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2005/11/24 



JP.07-041806.A [DETAILED DESCRIPTION] 



2/8 ^— V 



opening. Moreover, there are also problems, such as processing of acid-washing liquid. 
[0005] On the other hand, the shot-peening method is in one of the techniques of surface treatment. It 
is the approach of this shot-peening method making hard particles, such as a shot, collide with a 
workpiece front face, deforming plastically near the surface minutely, giving compressive residual stress 
and work hardening, and raising a fatigue life, and a running cost is cheap and is the technique in which 
uniform processing is possible in some amelioration also to a complicated configuration. Performing 
shot-peening processing conventionally, in order to raise the fatigue life of spring material or a wire rod 
is performed, and it is used in titanium-alloy material as last surface finish-machining processing of the 
particular application material of aircraft components. 

[0006] However, application of the shot-peening processing to powder metallurgy material has seldom 
spread conventionally. When shot-peening processing which used the conventional shot for the 
ingredient which includes an opening inside a product is performed, only the depth 50-100 micrometers 
near the surface carries out the compression set of this, and it is work hardened, and an opening still 
remains under a compression hardening layer, Since there are the opening crushed also inside the 
compression layer remaining as a notching-like defect and processing which generates stress with shot- 
peening processing local on a product front face When an opening is directly under the front face where 
shot blasting material hit. the shot-peening processing to powder metallurgy material reduces fatigue 
strength for the reasons of a crack occurring from an opening in many cases, the fatigue strength of a 
titanium alloy — a front face — it is greatly influenced by description and it is thought that the residual 
of such a surface defect is not especially desirable. 
[0007] 

[Problem(s) to be Solved by the Invention] In the sintering titanium-alloy product which performed 
eburnation processing by the HIP method, this invention offers the cheap surface-preparation approach 
of removing completely the surface opening which remains without generating new defects, such as a 
crack, and aims at demonstrating the outstanding fatigue property of a titanium alloy which it originally 
has. 
[0008] 

[Means for Solving the Problem] In the approach this invention for attaining the above-mentioned 
purpose reforms the front face of (1) sintering titanium alloy In the approach which is characterized by 
performing two shot-peening processings, and reforms the frorit face of (2) sintering titanium alloy after 
performing HIP processing for a sintering titanium alloy In shot-peening processing given in the above 
(1) the 1st processing with mean particle diameter in the magnitude of 0.5mm or more and 1.2mm or 
less And the shot blasting material of a shot configuration with the hardness beyond the value which 
added 200 with Vickers hardness to the hardness of the titanium alloy which is a workpiece is used, in 
addition ~ It is 60m/s about a projection rate. It is lOOm/s above. It considers as the following and is 
the amount of projection 2000 kg/m2 In the approach which is characterized by being above and 
reforms the front face of (3) sintering titanium alloy In shot-peening processing given in the above (1) 
the 2nd processing with mean particle diameter in the magnitude of 0.2mm or more and 0.6mm or less 
And more than the hardness of the titanium alloy which is a workpiece. and globular form shot blasting 
material with the hardness below the value which added 300 with Vickers hardness to the titanium alloy 
are used, in addition — It is a projection rate 30 m/s It is 60m/s above. It considers as the following and 
is the amount of projection 1000 kg/m2 It is characterized by being above. 

[0009] this invention — setting — a sintering titanium alloy — Ti — aluminum, V. Mo, Cr. Sn. Zr, Fe. 
alloy contents other than these, and less than 0.7% of the weight of the impurity of Fe. O. C, N, and H — 
containing — in addition — and it is the titanium alloy manufactured by powder-metallurgy processing 
which has 95% or more of relative density, for example, Ti-6aluminum-4V alloy and alloys, such as a Ti- 
1 5V-3Cr-3Sn-3aluminum alloy, are mentioned. 
[0010] 

[Function] Hereafter, this invention is explained to a detail. As opposed to the sintering titanium alloy 
which performed HIP processing as a result of this invention person's etc. repeating research about 
manufacture of a sintering titanium alloy, and use Grinding of a product surface part or shot-peening 
processing on the conditions aiming at wear is performed first. Flattening of the product front face 
which removed the opening included by about 200 micrometers from the product front face, and was 
damaged by the 1st shot-peening processing after that is carried, out. In addition, and by performing 2nd 
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shot-peening processing on the conditions aiming at raising a fatigue life by making addition and work 
hardening of the compressive residual stress to a front face cause etc^ Without generating the defect of 
a crack, the compressed opening, the Internal opening near the surface was removed and it found out 
that the fatigue property of a product might be improved. This invention is made based on these new 
knowledge. 

[0011] In this invention, the reason for performing two above-mentioned shot-peening processings to a 
sintering titanium alloy is as follows. Since this opening causes [ of defects, such as a crack, ] 
generating in the conventional shot-peening processing including an opening in the range of 200 
micrometers under a surface as the conventional technique described, the sintering titanium alloy which 
performed HIP processing to the 1st needs to remove this first. For this reason, shot-peening 
processing aiming at the grinding of the surface part of a product is performed first, and the opening of 
a surface part is removed A surface part is damaged by shot blasting material, very big irregularity 
remains, this irregularity also tends to serve as an origin of fatigue breaking, and the exterior of a 
product of the product front face which performed grinding shot-peening processing to the 2nd is not in 
a desirable condition, either. Moreover, residual-stress addition, surface work hardening, etc. which are 
the effectiveness of shot-peening processing original are hardly generated, this — it should compensate 

— the 2nd shot-peening processing — a front face — flattening — carrying out — surface roughness - 

- good — carrying out — in addition — and residual stress is given and a fatigue property is raised. 
[0012] this invention person considered various relation of the property of the 1st time and the 2nd shot 
blasting material and shot-peening conditions, surface roughness, the amount of grinding, and fatigue 
strength, and got the following conclusions. First, in the 1st shot-peening processing made into the 
grinding purpose of this invention, the configuration of shot blasting material has the desirable thing of 
the high shot configuration of the grinding effectiveness. Setting mean particle diameter of shot blasting 
material to 0.5mm or more and 1 .2mm or less In the shot blasting material with which mean particle 
diameter does not fill 0.5mm In the shot blasting material by which the grinding range of per [ shot 
blasting material ] is small, and is because the grinding effectiveness per time amount is not enough, and 
mean particle diameter exceeds 1.2mm The irregularity of the front face after grinding is intense, and it 
is because it is processing practical because the burden to equipment is large neither in that the 
improvement of granularity becomes very difficult in the shot-peening processing for flattening which is 
the 2nd time, nor the projection device usually used. Hardness of shot blasting material was carried out 
to beyond the value that added 200 to the hardness of a workpiece with Vickers hardness because the 
effectiveness of surface grinding was weak or effectiveness did not arise in the hardness with which this 
is not filled. 

[0013] The projection rates of shot blasting material are 60 m/s. It is 100 m/s above. Considering as the 
following is desirable. 60 m/s The effectiveness of grinding is not enough at a late projection rate, and it 
is 100 m/s. Even if the irregularity of the front face after shot-peening processing becomes very 
intense at a quick rate and it performs 2nd shot-peening processing, it is because it becomes impossible 
to recover the granularity on the front face of a product. The amount of projection of shot blasting 
material is 2000 kg/m2. It considers as the above. For this, the amount of projection of shot blasting 
material is 2000 kg/m2. It is because the amount of grinding does not reach 200 micrometers, but an 
opening remains under a surface and recovery of fatigue strength cannot be performed, when not filling. 
[0014] Subsequently, in the 2nd shot-peening processing aiming at surface flattening of this invention, 
and residual-stress grant, the globular form thing of shot blasting material is desirable. The reason for 
setting particle size of shot blasting material to 0.2mm or more and 0.6mm or less is for the magnitude 
of an indentation becoming a thing beyond the need and worsening surface roughness conversely, when 
irregularity on the front face of a product cannot fully be recovered and particle size exceeds 0.6mm. in 
order that work hardening may progress before a front face carries out flattening when particle size 
does not fulfill 0.2mm. In the case of the hardness with which having carried out hardness of shot 
blasting material to more than the hardness of a titanium alloy does not fill the degree of hardness of a 
workpiece, it is because the effectiveness of shot peening called residual-stress grant does not show 
up, and the upper limit was made into the value which added 300 with Vickers hardness to the 
workpiece. because the effectiveness which carries out grinding of the surface became high in the 
hardness exceeding this. It is the projection rate of shot blasting material 30 m/s It is 60 m/s above. It 
is 30 m/ s which was considered as the following. At the projection rate of the following, the kinetic 
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energy given at the time of projection of shot blasting material is small, and sufficient plastic 
deformation for a product front face cannot be given, but it is 60 m/s. It is for the energy of shot 
blasting material being too large, giving defects, such as a crack, to a product surface at the projection 
rate which exceeds, and reducing fatigue strength conversely. It is the amount of projection of shot 
blasting material 1000 kg/m2 It is 1000 kg/m2 which was considered as the above. When not filling, the 
probability for shot blasting material to hit on the surface of [ whole ] a product is low, and it is because 
uniform shot processing cannot be performed. 
[0015] 

[Example] Based on the case where this invention is applied to a sintering titanium alloy, the contents of 
this invention are explained in more detail. After performing HIP processing, compacting of the mixed 
powder adjusted so that an alloy content might be set to Ti-6aluminum-4V was carried out so that a 
parallel part might become the fatigue test specimen of the path of lOmmphi, this powder-molding 
object was performed at degree of vacuum 1 0-4Torr and 1 250 degrees C. and HIP processing was 
performed on condition that 900 degrees C and lOOMPa after sintering processing. About the test piece 
which performed shot-peening processing on various conditions, the surface amount of grinding, and 
measurement and the fatigue test of surface roughness were performed. The degrees of hardness of a 
test piece are 350Hv(s), and fatigue test conditions are room temperatures among axial tension, a stress 
ratio -1, f= 20Hz, and atmospheric air. These test results are shown in Table 1 and 2. 
[0016] Table 1 is the test result which changed the 1st shot-peening processing conditions aimed at 
obtaining grinding. All over Table 1 , the globular form shot to which particle size of shot blasting material 
was set to 0.5mmphi, and they set the degree of hardness to 450Hv(s) is used for the shot-peening 
conditions aiming at flattening of the 2nd front face, and they are projection rate 40 m/s and amount of 
projection 1500 kg/m2. They are the conditions of the range of this invention set constant. 
[0017] 
[Table 1] 
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[0018] A test number 1 is equivalent to a conventional method by the case where a fatigue test is 
performed after HIP processing, surface roughness — Ra=8.0micrometer — a fatigue limit — 140MPa(s) 
it is . For a test number 2, fatigue limits are 1 50MPa(s) because of generating although surface 
roughness is improved by Ra=2.0micrometer and the surface state, after the residual of the opening 
under a surface, the crack of the surface section, and an opening collapse in the case where the 
conventional shot-peening processing is performed. It goes up only to extent. 
[0019] Test numbers 3. 4, 5, 6, and 7 are the examples of this invention in the case where the 
conditions of the 1st shot-peening processing are changed by the generic claim of this invention, 
although surface roughness and fatigue strength have some difference according to conditions — the 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejue 



2005/11/24 



JP,07-041806,A [DETAILED DESCRIPTION] 



6/8 V 



fatigue strength of a conventional n^ethod — 150MPa(s) it is — a thing — receiving — about 300 MPa 
(s) It is going up twice. This is the result of making a surface defect completely in the shot-peening 
processing aimed at obtaining grinding, and fully demonstrating the effectiveness of flattening and 
surface work hardening further. 

[0020] Fatigue strength is 160MPa(sX although surface roughness is as good as 2.8 micrometers as the 
test number 8 which is the example of a comparison of this invention shows to Table 1 on the other 
hand. It is almost changeless with the conventional material. Since this reason is less than 550-Hv 
400Hv(s) which are the degrees of hardness +200 of processed material Ti^6aluminum— 4V of the lower 
limit of the shot blasting material degree of hardness of the range of this invention, its grinding is not 
enough and it is because the surface opening remained. Since a test number 9 did not fill 0.5mm which 
is the minimum of the mean particle diameter of the shot blasting material of the generic claim of this 
invention, the surface opening remained and fatigue strength brought a falling result. Test numbers 10 
are 60 m/ s which is the lower limits of the projection rate of the generic claim of this invention. They 
are 2000 kg/m2 whose test numbers 11 it is the following and are the lower limits of the amount of 
projection of the generic claim of this invention. Since it is the following, the amount of grinding is not 
enough, a surface opening remains, and a result to which fatigue strength falls has been brought. 
[0021] 
[Table 2] 
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[0022] Table 2 is the test result which changed the 2nd shot-peening processing aiming at surface 
flattening. The shot blasting material of the shot configuration where set particle size to O.Smmphi and 
they set the degree of hardness to 650Hv(s) is used for the shot-peening conditions aiming at the 
grinding of the 1st surface, and they are 65m/s in projection rate, and amount of projection 3000 kg/m2. 
It is the processing in the generic claim of this invention set constant. The test numbers 14 and 15 in 
Table 2 are equivalent to the example of this invention in the case aimed at flattening by the generic 
claim of this invention where the conditions of the 2nd shot-peening processing are changed, after 
performing shot-peening processing aimed at obtaining surface grinding. This example is enough as the 
effectiveness of the 2nd shot-peening processing, a front face carries out flattening, surface roughness 
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is set to 2.3 micrometers, and fatigue strength is 300MPa(s). Compared with a conventional method, it 
improves more than twice [ about ]. 

[0023] A test number 13 is the trial which omitted shot-peening processing aiming at the 2nd flattening, 
in this case, the effectiveness which removed the opening near the surface — fatigue strength — as 
[ HIP processing ] — 1 40MPa(s) of material from — 200MPa(s) up to — although it is going up, surface 
roughness is almost equivalent to material as [ 8.2 micrometer and HIP processing ], and it is less than 
the property of the ingredient which carried out 2nd shot-peening processing. Test numbers 1 6-22 are 
the examples of a comparison of this invention. A test number 1 6 runs short of the degrees of hardness 
of shot blasting material, and a test number 1 8 has a small particle size of shot blasting material, and 
has brought a result to which the effectiveness of the 2nd shot-peening processing by each reason by 
lack of a projection rate and a test number 22 having the inadequate amount of projection becomes 
inadequate [ a test number 20 ], surface roughness is not improved with 5.7-6,9 micrometers, and 
fatigue strength does not rise. The cause of making a surface generating a crack etc. or the 
effectiveness which carries out grinding of the surface becomes high and damages a front face, since 
the test number 1 7 used the shot blasting material more than the degree of hardness of the generic 
claim of this invention, and since the effectiveness of sufficient shot peening is not acquired, fatigue 
strength has resulted in not going up to the example of this invention. Moreover, a test number 1 9 has a 
too large shot blasting material particle size, and since a test number 21 has the too quick projection 
rate, the shot-peening processing which is the 2nd time aimed at obtaining flattening damages a front 
face, and becomes the cause of making a surface generating a crack, and it has brought a result to 
which fatigue strength is reduced. 
[0024] 

[Effect of the Invention] The surface opening which remains without generating new defects, such as a 
crack, by the cheap surface treatment approach in a sintering titanium-alloy product by applying this 
invention as explained above can be removed completely, and the outstanding fatigue property of a 
titanium alloy which it originally has can be demonstrated. 



[Translation done.] 
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